Abstract. Chronic inflammation and immunosuppression lead to aging and tumorigenesis. T-helper 22 (Th22) cells, interleukin 22 (IL-22) and myeloid-derived suppressor cells (MDSCs) serve an important role in inflammatory-immune diseases and cancer. However, the status of Th22 cells, IL-22 and MDSCs in aging and elderly gastric cancer progression is unknown. In the present study, 39 elderly patients with gastric cancer (EGC), 32 elderly healthy controls (HE) and 31 young healthy controls (HY) were enrolled, and the peripheral Th22, Th17 and Th1 cells, and MDSCs, were examined using flow cytometry. Plasma levels of IL-22, IL-6 and tumor necrosis factor-α (TNF-α) were examined using ELISA. IL-22 protein levels in tumor tissues were examined using immunohistochemistry. There were increased numbers of peripheral Th22 and Th17 cells, and MDSCs, as well as increased plasma levels of IL-22, IL-6 and TNF-α in EGC compared with HE and HY. However, HE exhibited significantly increased levels of peripheral Th22 and Th17 cells as well as IL-6 and TNF-α compared with HY. Immunohistochemical analysis demonstrated that IL-22 protein accumulated in tumor cells and lymphocytes in the tumor microenvironment. The results obtained demonstrated that peripheral Th22 and Th17 cells as well as IL-6 and TNF-α plasma levels increased with aging. Furthermore, Th22 and Th17 cells, MDSCs, and IL-22 may be used as prognostic markers for identifying gastric cancer in elderly patients.
Introduction
A previous study has demonstrated that chronic low-grade inflammation is associated with aging and contributes to age-associated diseases (1) . For example, cancer frequently occurs in the elderly, which is associated with their inflammatory background (2) . Recent advances have demonstrated that the balance of cluster of differentiation (CD)4 + T cell subsets and their cytokines serves an important role in maintaining inflammatory-immune homeostasis and tumorigenesis (3) . In 2009, Eyerich et al (4) reported a new CD4 + T cell subset, T-helper 22 (Th22) cells, which express C-C chemokine receptor 4 (CCR4), CCR6 and CCR10. Th22 cells mainly secrete interleukin 22 (IL-22), IL-13, IL-26 and tumor necrosis factor-α (TNF-α) (5) . Th22 cell function is mainly exerted through the binding of IL-22 to its receptor (IL-10R2/IL-22R1) (6) . Since IL-22R1 is selectively expressed by non-immune cells, particularly keratinocytes, gastrointestinal and respiratory epithelial cells (7) , Th22 cells are considered as key cells which transmit the inflammatory signal to the surrounding tissues. Increased IL-22 levels in the circulation and tumor microenvironment have been identified in liver, gastric, colon and pancreatic cancer and are associated with tumor initiation and progression (8) . Nevertheless, the exact underlying molecular mechanism of how IL-22 influences tumorigenesis remains unclear.
Th22 cells are similar to and have synergistic effects with Th17 cells in a variety of inflammatory-immune diseases (9) . Th22 and Th17 cells express skin-homing receptors CCR4 and CCR10, and are regulated by IL-6, IL-1 and IL-23 (10, 11) . We have previously demonstrated that the proportion of Th17 cells significantly increases with age and progression of colorectal cancer (12) . In addition, the inflammatory aging factors IL-6 and TNF-α are able to stimulate the transformation of naïve CD4 + T cells into Th22 cells (13, 14) . These results suggest that Th22 cells may participate in aging and tumorigenesis.
Chronic inflammation and immune-suppression are often complementary (15) . It has been suggested that accumulation of immune suppressor cells is one of the causes of immune system dysfunction in the elderly (16) . Myeloid-derived suppressor cells (MDSCs) are an important type of immune suppressor cells (17) . Various inflammation-associated factors including IL-6, TNF-α and IL-22 are able to induce MDSCs (18) . Furthermore, MDSCs express IL-6, TNF-α and other cytokines to regulate inflammation and CD4 + T cell differentiation (19) . However, the role for MDSCs in aging and tumorigenesis, and their association with Th22 cells, remains to be determined.
Gastric cancer is an inflammation-associated type of cancer and is the third most common cause of cancer-related mortality worldwide. Furthermore, gastric cancer is also associated with age-related immunodeficiency (20) . To explore the  role of Th22 cells, IL-22 and MDSCs in aging and tumorigenesis, in the present study the levels of peripheral Th22,  Th17 and Th1 cells, and MDSC, and plasma levels of IL-22,  IL-6 and TNF-α were determined in elderly patients with gastric cancer (EGC), elderly healthy controls (HE) and young healthy controls (HY). (3-µm) from tumor tissues and non-tumor tissues (>5 cm from the tumor lesion) were collected post-operatively from another 40 patients with gastric cancer (age range, 65-78 years). The clinical characteristics of the patients are summarized in Table I . The present study has been approved by the Ethics Committee of The First Affiliated Hospital of Dalian Medical University (Dalian, China), and written informed consent was obtained from each subject.
Materials and methods

Subjects
Flow cytometric analysis of Th1, Th17 and Th22 cells.
Peripheral blood was collected from all subjects and cultured under stimulation conditions. Heparinized peripheral whole blood (400 µl) in an equal volume of RPMI-1640 medium (Tiangen Biotech Co., Ltd., Beijing, China) were incubated for 4 h at 37˚C with 5% CO 2 in the presence of 25 ng/ml phorbol myristate acetate, 1 µg/ml ionomycin and 1.7 µg/ml monensin (all from Enzo Biochem, Inc., Farmingdale, NY, USA). Following incubation, the cells were fixed and permeabilized using FIX and PERM Reagent (MultiSciences Co., Ltd., Hangzhou, China), followed by staining with peridinin-chlorophyll-protein (PerCP)-cyanine (Cy) 5. , and incubated in the dark for 15 min. Each sample was subsequently mixed with 1 ml lysis buffer (Beyotime Institute of Biotechnology, Jiangsu, China) and subjected to flow cytometric analysis. In each case, staining was compared with that of the appropriately labeled isotype control antibody.
ELISA. Plasma was collected from peripheral blood via centrifugation at 1,500 x g at 4˚C for 5 min. Plasma IL-22, IL-6 and TNF-α levels were determined using an ELISA kit (MultiSciences Co., Ltd., Zhejiang, China), according to the manufacturer's protocol. The minimal concentration detection limit of IL-22, IL-6 and TNF-α was 2.56, 0.37 and 0.42 pg/ml, respectively.
Immunohistochemistry. Paraffin sections, (3-µm) from tissue specimens were deparaffinized by immersion in xylene (15 min x2), rehydrated using graded ethanol (anhydrous ethanol for 5 min x3, 90% ethanol for 5 min, 80% ethanol for 5 min and 70% ethanol for 5 min). Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 10 min at room temperature, followed by washes with PBS (5 min x3) and heated in citrate buffer (10 mM, pH 6.0) at 100˚C for 3 min. This was followed by blocking with 50 µl 5% bovine serum albumin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) per paraffin section for 30 min at room temperature, followed by washes with PBS (5 min x3). Following blocking, the sections were incubated with anti-IL-22 antibody (cat. no; ab18499; 1:100; Abcam, Cambridge, UK) at room temperature for 1 h, followed by incubation with anti-rabbit IgG secondary antibody (Boster Biological Technology, Pleasanton, CA, USA) at 37˚C for 20 min. Following a wash with PBS, staining was visualized with 3,3'-diaminobenzidine (Beyotime Institute of Biotechnology) as a chromogen at room temperature for 3 min. All sections were counterstained with hematoxylin at room temperature for 1 min and viewed using a light microscope. Two independent investigators randomly selected 10 fields at x400 magnification and counted the proportion of stained cells.
The results were categorized into four groups on the basis of the proportion of positive cells (<1, 1-5, 5-10 and ≥10%), with >1% positive cells recorded as (-), 1-5% positive cells recorded as (+), 5-10% positive cells recorded as (++), and ≥10% positive cells recorded as (+++); (-) and (+) were defined as low infiltration, and (++) and (+++) were defined as high infiltration. The association between the expression of IL-22 and the patient's sex, differentiation, depth of invasion, lymph node metastasis, cancer stage and tumor size were analyzed.
Statistical analysis. Data were analyzed using SPSS software (version 19.0; IBM Corp., Armonk, NY, USA) or GraphPad Prism software (version 5.0; GraphPad Software, Inc., La Jolla, CA, USA) and expressed as the mean ± standard deviation. Comparisons between two groups were assessed using a non-paired Student's t-test. Comparison among the three different experimental groups was performed using one-way analysis of variance, and differences between two groups were determined using Newman-Keuls multiple comparison unless the data were not normally distributed, in which case a Kruskal-Wallis test and Nemenyi test were used. Correlation analysis was adopted for Pearson's or Spearman's correlation depending on data distribution. The quality of the data was analyzed using a χ 2 test. P<0.05 was considered to indicate a statistically significant difference.
Results
Flow cytometric analysis of Th22, Th17 and Th1 cells in patients with gastric cancer and healthy controls.
Flow cytometric analysis was used to determine the distribution of Th22, Th17 and Th1 cells in EGC, HE and HY (Fig. 1) Fig. 1C and D) . Furthermore, the proportion of Th22 cells was significantly increased in EGC compared with that in HE (1.16±0.33 vs. 0.79±0.27%; P<0.001; Fig. 1C and D) . Similarly, Th17 cells were detected at an increased proportion in EGC compared with that in HE (2.91±0.93 vs. 2.24±0.79%; P<0.001; Fig. 1E ). Furthermore, the proportion of Th17 cells was significantly increased in HE compared with that in HY (2.24±0.79 vs. 1.50±0.63%; P<0.001; Fig. 1E ). However, no significant difference was observed in the distribution of Th1 cells between EGC and HE or HY groups (7.78±1.84 vs. 7.48±1.55 or 7.65±1.60%; P>0.05; Fig. 1F ). In addition, the fraction of peripheral Th22 cells was increased in patients with advanced gastric cancer compared with patients with early-stage gastric cancer (1.25±0.30 vs. 0.98±0.32%; P<0.05; Fig. 1G ) and Th17 (3.20±0.90 vs. 2.33±0.72%; P<0.01; Fig. 1H ). Table I . Association of IL-22 protein expression with clinicopathological data from elderly patients with gastric cancer. Further analysis of IL-22 + T cell subsets identified that there was a positive correlation between the proportion of Th22 and Th17 cells (R 2 =0.4885; P<0.0001; Fig. 1I ). In contrast, no correlation between the proportion of Th1 cells and the 
Flow cytometric analysis of MDSCs in patients with gastric cancer and healthy controls.
Additionally, the distribution of MDSCs was assessed using flow cytometric analysis. MDSCs were defined as HLA-DR -CD33 + CD11b + . A significantly increased proportion of MDSCs was detected in EGC (3.06±1.01%; P<0.001) compared with HE (1.59±0.98) and HY (1.53±0.88%; Fig. 2A-D) . Furthermore, the proportion of MDSCs was increased in patients with advanced disease relative to those with early-stage gastric cancer (3.30±0.94 vs. 2.58±1.02%; P<0.05; Fig. 2E ). No significant difference was observed in the distribution of MDSCs between HE and HY. Positive correlations were identified in the proportion of MDSCs and Th22 cells (R 2 =0.2295; P=0.002; Fig. 2F ), and Th17 cells (R 2 =0.1766; P=0.0077; Fig. 2G ). However, no correlation was identified between the proportion of MDSCs and that of Th1 cells (R 2 =0.0067; P=0.6197; Fig. 2H ).
Plasma levels of IL-22, IL-6 and TNF-α in patients
with gastric cancer and healthy controls. Next, the plasma levels of IL-22, IL-6 and TNF-α were examined in patients with gastric cancer and control subjects using ELISA. The plasma IL-22 level was significantly increased in EGC (151.45±33.56 pg/ml) compared with HE (123.31±22.80 pg/ml; P<0.001) and HY (109.25±28.50 pg/ml; P<0.001; Fig. 3A) . No difference in IL-22 levels was observed between HE and HY. In EGC, HE and HY, plasma IL-6 levels were 45.90±8.60, 26.68±7.23 and 18.17±7.95 pg/ml, respectively (P<0.001; Fig. 3B ). Plasma TNF-α levels were increased in HE compared with HY (38.66±12.94 vs. 27.40±11.97 pg/ml; P<0.01) and were further increased in EGC (59.70±17.38 pg/ml; P<0.001; Fig. 3C ). In addition, a significant difference in IL-22 plasma levels was observed between patients with advanced-stage and early-stage gastric cancer (168.87±41.44 vs. 131.92±33.93 pg/ml; P<0.01; Fig. 3D ). No significant differences between patients with Stage I-II and Stage III-IV gastric cancer regarding IL-6 levels (44.62±10.44 vs. 46.54±7.67 pg/ml; Fig. 3E ) or TNF-α 
Expression of IL-22 protein in tumor tissues.
In order to determine whether IL-22 accumulates in tumor tissues, IL-22 protein expression in tumor sections obtained from 40 patients with gastric cancer was measured using immunohistochemical analysis. IL-22-positive cells were present at a significantly increased proportion within the tumor tissue and infiltrating lymphocytes around the tumor (Fig. 4A ) when compared with normal gastric tissue. Consistently, normal gastric tissues contained no or only a small number of IL-22-positive cells (Fig. 4B) . Furthermore, IL-22 protein expression was increased in Stage III-IV tumors compared with Stage I-II tumors (Fig. 4C and D) . The IL-22 expression was further examined with respect to other clinicopathological characteristics of patients with gastric cancer. The presence of IL-22-positive cells was significantly associated with the depth of invasion and AJCC cancer stage (P<0.05), but not with sex, differentiation, lymph node metastasis or tumor size (Table I) .
Discussion
Th22 cells, a subset of CD4 + T cells, are implicated in inflammatory-immune diseases including rheumatoid arthritis (22) , Behcet disease (23), systemic sclerosis (24) and various types of cancer (25) (26) (27) . The results of the present study identified that the fraction of peripheral Th22 and Th17 cells in HE increased when compared with HY, suggesting that the balance of Th22 and Th17 cells may alter during aging. Furthermore, the fraction of Th22 and Th17 cells was increased in EGC when compared with either HE or HY. In addition, the proportion of Th22 and Th17 cells was increased in patients with advanced gastric cancer when compared with patients with early-stage tumors. Indeed, these results are consistent with those of our previous study performed in colorectal cancer (12) . IL-6, IL-1 and IL-23 are Th22 as well as Th17 cell polarization-inducing factors (10, 11) , which may explain the observed positive correlation between Th22 cells and Th17 cells. Collectively, the results from the present study suggested that Th22 and Th17 cells may serve a role in the progression of gastric cancer in the elderly.
IL-22 is the primary functional factor of Th22 cells and is upregulated in several types of cancer (28, 29) . In the present study, it was identified that IL-22 was increased in EGC The results identified that IL-22 was only expressed by intratumoral and infiltrating lymphocytes around the tumor, whereas IL-22 expression was rarely detected in normal tissue. These results suggest an autocrine mode of IL-22 expression in gastric cancer tissue. Additionally, these results support the previously established idea that tissue inflammatory and immune status may create a specific microenvironment that is able to promote the development of tumors (30) . Furthermore, there was no significant difference in IL-22 plasma levels between HE and HY. A possible reason for this result is that Th22 cells also secrete other cytokines and therefore IL-22 expression levels do not fully reflect the role of Th22 cells in the regulation of inflammatory senescence (4) (5) (6) .
A variety of cytokines and chemokines are able to cause an increase in the fraction of Th22 cells (31) . Studies have demonstrated that increased levels of serum IL-6 and TNF-α in elderly people are associated with cognitive discord and brain atrophy, leading to the proposal that these cytokines are aging inflammatory cytokines (32, 33) . In the present study, plasma levels of IL-6 and TNF-α were examined in EGC in comparison with HY and HE. Although the difference in IL-6 and TNF-α levels among the three groups was statistically significant, no difference was observed when these cytokine levels were compared with patients with early-and advanced-stage gastric cancer. These results are not in agreement with those of previous studies (34, 35) . One of the possible explanations for this inconsistency may be the fact that gastric cancer progression is a result of a number of factors and a relatively small number of gastric cancer cases were analyzed in the present study. Furthermore, a positive correlation between IL-22, IL-6, and TNF-α levels and Th22 cells was identified in all three examined groups. These results are consistent with the fact that IL-22 is mainly secreted from Th22 cells, and that plasma IL-6 and TNF-α levels are dependent on Th22 cells (14) . Furthermore, TNF-α promotes the production of Th22 cells, which in turn secrete TNF-α (5,6). Therefore, this positive feedback may lead to continuously persistent chronic inflammation.
MDSCs are immunosuppressive cells that secrete several inflammatory factors under various physiological and pathophysiological states including cancer, chronic infection, trauma and graft-vs.-host reactions (36) . Chronic inflammation and immune inhibition are mutually supportive (15) . In the present study, the presence of peripheral MDSCs was analyzed in EGC, HE and HY, and it was identified that the proportion of peripheral MDSCs was significantly increased in EGC compared with HE. Furthermore, the proportion of MDSCs was increased in patients at a more advanced cancer stage. Nevertheless, no significant difference in MDSCs was observed between HE and HY. These results suggest that the increase in MDSCs is associated with the development and the progression of gastric cancer, but not with aging. A previous study has demonstrated that MDSCs were able to promote tumorigenesis via high expression of arginase-1, induction of nitric oxide synthase, and release of nitric oxide, free radicals and other reactive oxygen species to suppress the immune activity of T cells (37) . On the other hand, MDSCs are able to promote expression of certain angiogenic factors, including vascular endothelial growth factor (38) and matrix metalloproteinases (39) . It was identified that that MDSCs were positively correlated with Th22 and Th17 cells in elderly patients with gastric cancer and this regulatory axis was stronger for Th22 cells than for Th17 cells, indicating that both Th22 and Th17 cells are involved in the regulation of MDSCs. The potential underlying molecular mechanism may be that Th22 cells secrete cytokines, chemokines, acute reactive protein and other inflammatory factors together with several antimicrobial peptides including β-defensins, S100 family proteins and Reg family proteins (40) . Furthermore, it will be important to exclude cells including CD3 + CD19 + and CD56 + cells from these analyses. In addition, since natural killer (NK) and natural killer T (NKT) cells may also produce IFN-γ, further studies are required to distinguish lymphocytes from NK and NKT cells.
Depending on the different organs and tissue microenvironments, Th22 cells and IL-22 may also have a protective role in cancer. For instance, in renal cell carcinoma, IL-22 inhibits tumor growth in a dose-dependent manner (41) . In addition, IL-22 contributes to epithelial cell defense against Helicobacter pylori infection that is one of the major risk factors for gastric cancer (42) . Thus, it remains to be determined whether Th22 cells and IL-22 exacerbate or ameliorate tumorigenesis.
In summary, to the best of our knowledge, the results of the present study demonstrate for the first time that the peripheral Th22 and Th17 cells as well as IL-6 and TNF-α plasma levels increase with aging. These results suggest that peripheral Th22 and Th17 cells together with MDSCs and IL-22 levels are important markers of gastric cancer progression in elderly patients.
